We present a phenomenological study of top squarks (t 1,2 ) and bottom squarks (b 1,2 ) in the Minimal Supersymmetric Standard Model (MSSM) with complex parameters A t , A b , µ and M 1 . In particular we focus on the CP phase dependence of the branching ratios oft 1,2 andb 1,2 decays. We give the formulae of the two-body decay widths and present numerical results. We find that the effect of the phases on thet 1,2 andb 1,2 decays can be quite significant in a large region of the MSSM parameter space. This could have important implications fort 1,2 andb 1,2 searches and the MSSM parameter determination in future collider experiments. We have also estimated the accuracy expected in the determination of the parameters oft i andb i by a global fit of the measured masses, decay branching ratios and production cross sections at e + e − linear colliders with polarized beams. We find that the fundamental parameters apart from A t and A b can be determined with errors of 1 % to 2 %, assuming an integrated luminosity of 1 ab −1 . The parameter A t can be determined with an error of 2 -3 %, whereas the error on A b is likely to be of the order of 50 %.
Introduction
Supersymmetry (SUSY) is one of the most attractive and best studied extensions of the standard model (SM) [1] . With SUSY the hierarchy problem can be solved and the mass of the Higgs boson can be stabilized against radiative corrections. While this is certainly the main motivation, SUSY gives us the additional benefit of introducing potential new sources of CP violation [2, 3] . As the tiny amount of CP violation in the SM is not sufficient to explain the baryon asymmetry of the universe [4] , the systematic study of all implications of the complex SUSY parameters becomes absolutely necessary.
In the present paper we study the effects of complex SUSY parameters on the phenomenology of the scalar top quark and scalar bottom quark system. Analysing the properties of 3rd generation sfermions is particularly interesting, because of the effects of the large Yukawa couplings. Their lighter mass eigenstates may be among the light SUSY particles and they could be investigated at the Tevatron and at e + e − linear colliders [5] - [12] . At LHC these states can be produced directly or in cascade decays of heavier SUSY particles [13] - [16] . Analyses of the decays of the 3rd generation sfermionst 1,2 ,b 1,2 , τ 1,2 andν τ in the Minimal Supersymmetric Standard Model (MSSM) with real parameters have been performed in Refs. [17] - [19] . Phenomenological studies of production and decays of the 3rd generation sfermions at future e + e − linear colliders, again in the real MSSM, have been made in Refs. [6] - [9] .
In the MSSM several SUSY breaking parameters and the higgsino mass parameter µ can be complex. In a complete phenomenological analysis of production and decays of third generation sfermions one has to take into account that the SUSY parameters A f , µ and M i (i = 1, 2, 3) are complex in general, where A f is the trilinear scalar coupling parameter of the sfermionf i , and the M 1 , M 2 and M 3 are the U(1), SU (2) and SU(3) gaugino mass parameters, respectively. This means that one has to study the effects of the phases of the parameters on all observables.
An unambiguous signal for the CP phases would be provided by a measurement of a CP-odd observable. For example, in the case of sfermion decays a rate asymmetry [20] and triple product correlations [21, 22] have been proposed as such observables. However, since it may be difficult to measure these CP-odd observables of the sfermions, CP-even observables like decay branching ratios may also be suitable to obtain informations about the SUSY CP phases. For example, the decay branching ratios of the Higgs bosons depend strongly on the complex phases of thet andb sectors [23] - [25] , while those of the stausτ 1,2 and τ -sneutrinoν τ can be quite sensitive to the phases of the stau and gaugino-higgsino sectors [26] . Also the Yukawa couplings of the third generation sfermions are sensitive to the SUSY phases at one-loop level [27] . Furthermore, explicit CP violation in the Higgs sector can be induced byt andb loops if the parameters A t , A b and µ are complex [23, 28, 29, 30] . It is found [23, 25, 28, 31] that these CP phase effects could significantly influence the phenomenology of the Higgs boson sector.
The experimental upper bounds on the electric dipole moments (EDMs) of electron, neutron and the 199 Hg and 205 Tl atoms may impose constraints on the size of the SUSY CP phases [32, 33] . However, these constraints are highly model dependent. This means that the various SUSY CP phases need not necessarily be small. For instance, if we adopt the MSSM and assume a cancellation mechanism [34] , it turns out that the phase of µ is restricted as |ϕ µ | < ∼ π/10 while the phases ϕ A f of the A f parameters are not constrained. On the other hand, the size of |ϕ µ | is not constrained by the EDM's in a model where the masses of the first and second generation sfermions are large (above the TeV scale) while the masses of the third generation sfermions are small (below 1 TeV) [35] . The restrictions on ϕ µ due to the electron EDM can also be circumvented if lepton flavour violating terms are present in the slepton sector [36] . Less restrictive constraints on the phases appear at two-loop level where 3rd generation sfermion loops can contribute to the EDM's [37] .
In this article we focus on the influence of the CP violating SUSY phases on the fermionic and bosonic two-body decay branching ratios of 3rd generation squarkst 1,2 and b 1,2 . We use the MSSM as a general framework and we assume that the parameters A t , A b , µ and M 1 are complex with phases ϕ At , ϕ A b , ϕ µ and ϕ U(1) , respectively (taking M 2,3 real). We neglect flavor changing CP phases and assume that the squark mass matrices and trilinear scalar coupling parameters are flavor diagonal. We take into account the explicit CP violation in the Higgs sector. If the top squark and bottom squark decay branching ratios show an appreciable phase dependence, this would also affect the analyses of the various gluino cascade decays such as those in [15] . In [38] we have published first results of our study. In the present paper we give the analytic expressions for the various decay widths for the complex parameters and study in detail the phase dependences of the branching ratios. We take into account the restrictions on the MSSM parameters from the experimental data on the rare decay b → sγ [39] . Furthermore, we give a theoretical estimate of the precision expected for the determination of the complex top squark and bottom squark parameters by measuring suitable observables including the decay branching ratios in typical future collider experiments. In Section 2 we give the formulae necessary to calculate thet i andb i two-body decay widths in the presence of CP phases. In Section 3 we present our numerical results. In Section 4 we give a theoretical estimate how precisely the complex top squark and bottom squark parameters can be determined at future collider experiments. We present our conclusions in Section 5.
2 Squark masses, mixing and decay widths
Masses and mixing in squark sector
The left-right mixing of the top squarks and bottom squarks is described by a hermitian 2 × 2 mass matrix which in the basis (q L ,q R ) reads
2.2 Fermionic decay widths oft i andb i
In the following we give the formulae necessary to calculate the two-body decay widths of t i andb i into charginos and neutralinos in the presence of the CP phases. The b −t i −χ
with
and
where g is the SU(2) L gauge coupling and the 2×2 chargino mixing matrices U and V are defined in Eq. (45) .
where
Theq i −q ′ j − H ± couplings are defined by
with C
) ij (27) and
For the couplings of squarks to neutral Higgs bosons we have the Lagrangian
where forq =t
while forq =b
C(b
Numerical results
Before presenting numerical results, we briefly comment on the CP phase dependence of theq iqj pair production cross sections. The reaction e + e − →q iqj (q i =t i ,b i ) proceeds via γ and Z exchange in the s-channel. The Zq iqj couplings are defined in Eq. (25) . The tree-level cross sections [8, 9] of the reactions e + e − →q iq j do not explicitly depend on the phases ϕ µ and ϕ Aq because the Zq iqi couplings are real and in e + e − →q 1q2 only Z exchange contributes. The cross sections depend only on the mass eigenvalues mq 1,2 and on the mixing angle cos 2 θq. Therefore, they depend only implicitly on the phases via the cos(ϕ µ + ϕ Aq ) dependence of mq 1,2 and θq (Eqs. (8) and (9)).
In the following we will present numerical results for the phase dependences of thet i andb i partial decay widths and branching ratios. We calculate the partial decay widths in Born approximation according to the expressions given in the preceding section. In some cases the one-loop SUSY QCD corrections are important. The analyses of [18, 40, 41] suggest that a significant part of the one-loop SUSY QCD corrections to certain partial widths oft i andb i decays (where the bottom Yukawa coupling gY b is involved) can be incorporated by using an appropriately corrected bottom quark mass. In this spirit we calculate the tree-level widths of thet i andb i decays by using on-shell masses for the kinematic terms (such as a phase space factor) and by taking running t and b quark masses for the Yukawa couplings gY t,b . For definiteness we take m GeV. This approach leads to an "improved" Born approximation which takes into account an essential part of the one-loop SUSY QCD corrections to thet i andb i partial decay widths and predicts their phase dependences more accurately than the "naive" tree-level calculation. The inclusion of the full one-loop corrections to the partial decay widths oft i andb i is beyond the scope of the present paper. In the calculation of the CP violating effects in the neutral Higgs sector we take the program FeynHiggs-2.0.2 of [30] . For comparison we have also used the program cph.f of [28] . We have found agreement between the results obtained with cph.f and the one-loop version of FeynHiggs-2.0.2. There are small numerical differences between the results of cph.f and the two-loop version of FeynHiggs-2.0.2.
In the numerical analysis we impose the following conditions in order to fulfill the experimental and theoretical constraints: [39] assuming the Kobayashi-Maskawa mixing also for the squark sector.
Condition (i) is imposed to satisfy the experimental mass bounds from LEP [43] . (ii) is the approximate necessary condition for the tree-level vacuum stability [44] . (iii) constrains µ and tan β (in the squark sector). For the calculation of the b → sγ width in condition (iv) we use the formula of [45] including the O(α s ) corrections as given in [46] .
Inspired by the gaugino mass unification we take
In the numerical study fort 1,2 decays we take tan β, M 2 ,
and m H ± as input parameters, where mt 1,2 and mb 1, 2 are the on-shell squark masses. Forb 1,2 decays we take the same input parameters with mt 2 replaced by mb 2 .
Top squark decays
In this subsection we present numerical results for the dependence of thet 1 andt 2 partial decay widths on ϕ At , ϕ A b and ϕ µ . In order not to vary too many parameters we fix (mt 1 , mt 2 , mb | and hence θt depend only weakly on ϕ At . However, we have ϕt ≈ ϕ At (see Eq. (5)), therefore Γ(t 1 →χ + 1 b) behaves like (1 − cos ϕ At ): the leading coupling term in this decay is ℓt 11 = −e −iϕt cos θtV 11 + sin θtY t V 12 (Eq. (12)), which consists of two terms of comparable size, the phase ϕt(≈ ϕ At ) entering only in one of the two terms. Γ(t 1 →χ
is very small for ϕ At = 0 and 2π because the two terms nearly cancel each other. The ϕ At dependence of Γ(t 1 →χ 0 1 t) is less pronounced compared to Γ(t 1 →χ + 1 b) due to a more complex coupling structure (Eqs. (16) and (17)). + -like. Hence in this scenario all branching ratios show a less pronounced phase dependence. In the scenarios of Fig. 1 we have calculated also the ϕ U(1) dependence of the partial decay widths and branching ratios. By inspecting Eqs. (16)- (18) one can see that only Γ(t 1 →χ 0 1 t) could be sensitive to ϕ U(1) . However, for tan β = 6 the ϕ U(1) dependence is already rather small. This results in a weak ϕ U(1) dependence of the branching ratios.
In Fig. 2 we show the tan β dependence of B(t 1 →χ 0, π/2, 5π/8, π with (a) ϕ At = 0 and (b) ϕ At = π, assuming MQ > MŨ . As can be seen this branching ratio is insensitive to ϕ µ for tan β 15. This is mainly due to the µ/ tan β dependence of thet L -t R mixing term and the insensitivity of the masses and mixing of χ 0 i to ϕ µ for large tan β. Two curves in Fig. 2 (a) end in full circles beyond which the experimental constraint from B(b → sγ) is violated: in case ϕ µ = π/2 (ϕ µ = π), one has B(b → sγ) > 4.5 × 10 −4 (B(b → sγ) < 2.0 × 10 −4 ) for tan β 21 (tan β 13). The case ϕ µ = 0 is completely excluded for this set of parameters. However, for ϕ At = π (Fig. 2  (b) ) the constraints from B(b → sγ) are always fulfilled.
We have also calculated the tan β dependence of the branching ratios of thet 1 decays for MQ < MŨ . B(t 1 →χ 0 1 t) is smaller in this case. Therefore the effect of the phase on the tan β dependence is also smaller than in Fig. 2 . Moreover, for MQ < MŨ the situation is different from that shown in Fig. 2 , because now for ϕ At = 0 the whole tan β range is allowed, whereas for ϕ At = π the constraints from B(b → sγ) limit the tan β range.
In Fig. 3 (a) we show a contour plot for B(t 1 →χ 0 1 t) as a function of ϕ At and ϕ µ for tan β = 6, M 2 = 300 GeV, |µ| = 500 GeV, |A t | = |A b | = 800 GeV, ϕ U(1) = ϕ A b = 0 and m H ± = 600 GeV, assuming MQ > MŨ . For the parameters chosen the ϕ At dependence is stronger than the ϕ µ dependence. The reason is that these phase dependences are caused mainly by thet L -t R mixing term (Eq. (4)), where the ϕ µ dependence is suppressed by cot β. The ϕ µ dependence is somewhat more pronounced for ϕ At ≈ π than for ϕ At ≈ 0, 2π. In Fig. 3 (b) we show the contour plot of B(t 1 →χ 0 1 t) as a function of ϕ At and |A t | for ϕ µ = 0 and |A t | = |A b |. Clearly, the ϕ At dependence is stronger for larger values of |A t |. For MQ < MŨ we have obtained a similar behavior.
In Fig. 4 we show the contour plot for B(t 1 →χ (1 ± cos ϕ At ). Also the phase dependence of the branching ratios into neutralinos is mainly due to a direct phase effect. In Γ(t 2 →χ 0 i t), i = 2, 3, 4 the phase ϕt(≈ ϕ At ) enters into the second term of the couplings at 2i and bt 2i (see Eq. (16) ) in the partial width which eventually causes the branching ratio to behave like (1 − cos ϕ At ).
In Fig. 5 (b) we show the branching ratios for the bosonic decayst 2 → Zt 1 andt 2 → H it1 (i = 1, 2, 3) for the same parameter values as above. The shape of B(t 2 → Zt 1 ) is like (1 − cos ϕ At ) , which is solely due to the factor | sin 2θt|
2 (see Eq. (25)). Quite generally, the phase dependence of Γ(t 2 → H kt1 ) is the result of a complicated interplay among the phase dependences of the H k masses, the top squark mixing matrix elements Rt ij , the neutral Higgs mixing matrix elements O ij and the direct top squark-Higgs couplings oft LtR φ 1,2 andt LtR a. In the present example the ϕ At dependence of the partial widths Γ(t 2 → H 1,2,3t1 ) is mainly due to the ϕ At dependence of the factors Rt and C(t † L H itR ) in Eqs. (30) - (34) , whereas the ϕ At dependence of the O ij is less pronounced in this case 1 .
1 For completeness we remark that the effect of the phase dependence oft i −t j − H k couplings also shows up in processes like e + e − →t 1t1 H 1 [47] . We have also calculated the branching ratios of thet 2 decays for MQ < MŨ . In this case no constraints on the ϕ At range from the B(b → sγ) data arise in the given scenario. The ϕ At dependence of B(t 2 → Zt 1 ) and B(t 2 → H 1,2,3t1 ) is very similar to that shown in Fig. 5 (b) . The leading branching ratios are now B(t 2 →χ 
Bottom squark decays
In the discussion ofb 1,2 decays we fix tan β = 30 because for small tan β the bottom squark mixing is too small to be phenomenologically interesting. We fix the other parameters as mb (16) - (19)). Then the phase of N k1 , which strongly depends on ϕ U(1) , almost drops out in Eq. (21) . Furthermore, the masses mχ0 (28)). This can be seen in Fig. 7 (a) Fig. 7 (a) is similar to Fig. 3 (b) , the |A b | and ϕ A b dependence in Fig. 7 (a) is now caused by the coupling m b (A * b tan β + µ) in Eq. (28) . In the case MQ < MD, we have (b 1 ,t 1 ) ∼ (b L ,t R ) (since also MQ > MŨ ) and hence C H t 1b1 ∼ m t (A t cot β + µ * ) (see Eq. (27)). Therefore B(b 1 → H −t 1 ) is nearly independent of ϕ A b which leads to contour lines approximately parallel to the ϕ A b -axis. In this case, however, nearly the whole parameter space (i.e. the region with |A b | 800 GeV) shown in Fig. 7 (a) is excluded by the limit B(b → sγ) > 2.0 × 10 −4 . In Fig. 7 (b) we show the contours of B(b 1 → H −t 1 ) as a function of ϕ A b and ϕ At for |A t | = |A b | = 600 GeV and the other parameters (except ϕ At ) as in Fig. 7 (a) . As can be seen, the ϕ A b -ϕ At correlation is even stronger than in Fig. 4 although it has the same origin as that of B(t 1 →χ Moreover we want to remark that even for small tan β theb 1,2 decay branching ratios can be somewhat sensitive to ϕ A t,b and ϕ µ [38] .
In case of theb 2 decays more decay channels are open. In Fig. 8 we show the branching ratios for the bosonic decaysb 2 → W (27) and (28)). Asb 2 ∼b R and ϕt ≃ ϕ At = π in this case, the dominating term in the coupling C We have analyzed theb 2 decay branching ratios also for MQ > MD. The ϕ A b dependence of B(b 2 → Zb 1 ) and B(b 2 → H 1,2,3b1 ) are similar to those in Fig. 8 (b) , but they are smaller by a factor of ∼ 3. The other branching ratios are nearly independent of ϕ A b . However, for the scenario of Fig. 8 the case of MQ > MD is excluded because B(b → sγ) is smaller than 2.0 × 10 −4 for this case. The ϕ U(1) dependence of the partial decay widths and branching ratios in the scenario of Fig. 8 with MQ < MD is very weak for the same reason as in the scenario of Fig. 6 with MQ > MD for the decays of theb 1 .
Parameter Determination
We now study to which extent one can extract the underlying parameters from measured masses, branching ratios and cross sections. Having in mind that the squark masses are relatively large in the scenarios considered, we assume the following situations: (i) The gluino mass can be measured at the LHC with an error of 3% [48] . (ii) A high luminosity linear collider like TESLA can measure the masses of charginos, neutralinos and the lightest neutral Higgs boson with high accuracy [49, 50] . In the case that the squarks and the heavier Higgs bosons have masses below 500 GeV, their masses can be measured with an error of 1% and 1.5 GeV, respectively. (iii) m t can be measured with an error of 0.1 GeV. In this case this error can be neglected in the fitting procedure [51] . We assume that the error on m b can also be neglected. (iv) For SUSY particles with masses larger than 500 GeV their masses can be measured at a 2 TeV e + e − collider, such as CLIC. The masses of heavy Higgs bosons and squarks can be measured with an error of 1% and 3%, respectively [48, 52] . For the production we can get an e − beam polarization of P − = 0.8 and an e + beam polarization of P + = 0.4. (v) The branching ratio of b → sγ can be measured within an error of 0.4 × 10 −4 . Our strategy is as follows:
(i) Take a specific set of values of the underlying MSSM parameters.
(ii) Calculate the masses oft i ,b i ,χ 0 j ,χ ± k , H ℓ , the production cross sections for e + e − → t itj , and e + e − →b ibj , and the branching ratios of thet i andb i decays.
(iii) Regard these calculated values as real experimental data with definite errors.
(iv) Determine the underlying MSSM parameters and their errors from the "experimental data" by a fit using the program MINUIT [53] .
We consider two typical scenarios in the following, one with small tan β and one with large tan β. The small tan β scenario is characterized by: MD = 169.6 GeV, MŨ = 408.8 GeV, MQ = 623.0 GeV, Tab. 1 We have taken the relative errors of chargino and neutralino masses from [49, 50] , which we rescale according to our scenario; in case of tan β = 30 we have taken into account an additional factor of 3 for the errors (relatively to tan β = 6) due to the reduced efficiency in case of multi τ final states from decays of charginos and neutralinos as indicated by the studies in [7] . For the branching ratios and the production cross sections we have taken only the statistical errors for an integrated luminosity of 1 ab −1 . We have doubled these errors to be on the conservative side.
For the determination of the squark parameters we have used the information obtained from the measurement of the squark masses at threshold and the squark production cross sections at √ s = 2 TeV for two different (e − , e + ) beam polarizations 
(P − , P + ) = (0.8, −0.4) and (P − , P + ) = (−0.8, 0.4). Here we have assumed that a total effective luminosity of 1 ab −1 is available for each choice of polarization. The cross section measurements are important for the determination of | cos θt| 2 and | cos θb| 2 as can be seen from Eq. (25) and the formulas for the cross sections in [9] . In addition we have used the information from all branching ratios in Table 1 with the corresponding statistical errors. These branching ratios together with the masses and cross sections form an over-constraining system of observables for the underlying parameters
and m H ± . The latter two enter the formulas for the neutral Higgs masses and mixing. We determine these parameters and their errors from the "experimental data" on these observables by a least-square fit. The results obtained are shown in Table 2 . Note that the sign ambiguity for the imaginary parts of the parameters is due to the fact that we consider CP-even observables. This ambiguity can in principle be resolved by considering appropriate CP-odd observables (as proposed in [20] - [22] ) in the analysis. As one can see, all parameters except A b can be determined rather precisely. tan β can be determined with an error of about 3% in both scenarios. The relative error of the squark mass parameters squared is in the range of 1% to 2%. A t can be measured within an error of 2 -3% independently of tan β. The reasons for this are: (i) the mixing angle in the top squark sector, which can be measured rather precisely using polarized e ± beams, depends strongly on A t and (ii) A t influences strongly the corrections to the mass of the lightest Higgs boson. The situation for A b is considerably worse: in case of small tan β one gets only an order of magnitude estimate. The reason is that both the bottom squark mixing angle and the bottom squark couplings depend only weakly on A b for small tan β. In case of large tan β the situation improves somewhat in particular for the imaginary part of A b . The main sources of information on A b are the branching ratios of the decays of the heavier bottom squark into a Higgs boson plus the lighter bottom squark because the corresponding couplings depend significantly on A b (see Eqs. (35) - (37)). From this we conclude that the situation for A b improves in scenarios where these branching ratios are large. An additional source of information could be the polarization information of the fermions in bottom squark decays as proposed in [12] . We have found that the analogous fit procedure for real MSSM parameters gives a larger value for χ 2 : ∆χ 2 = 286.6 for the scenario with tan β = 6 and ∆χ 2 = 22.5 for the scenario with tan β = 30. The results presented in Table 2 depend clearly on the assumed experimental errors which have been summarized in the beginning of this section. It is clear that further detailed Monte Carlo studies including experimental cuts and detector simulation are necessary to determine more accurately the expected experimental errors of the observables for our scenarios, in particular the errors of the top squark and bottom squark decay branching ratios. Such a study is, however, beyond the scope of this paper. Instead we have studied how our results for the errors of the fundamental parameters are changed when the experimental errors of the various observables are changed: we have redone the procedure doubling the errors of the masses and/or branching ratios and/or cross sections. We find that the errors of all parameters are approximately doubled if all experimental errors are doubled. Moreover, in this way we can see to which observables an individual parameter is most sensitive. We find that precision on the top squark parameters A t , M 2 Q and M 2 U is sensitive to the accuracy of the top squark mass measurement at the threshold as well as to the precision of the measurement of the total top squark pair production cross sections in the continuum using polarized e ± beams. The error of A t is also very sensitive to the error of the lightest Higgs boson mass due to the large top squark loop corrections. The precision on the parameters M is sensitive to the accuracy of the bottom squark mass measurement. The accuracy of A b is most sensitive to the precision of the measurements of the branching ratios for the bottom squark (and top squark) decays into Higgs bosons. The precision of µ is more sensitive to the errors of chargino and neutralino masses than to the errors of the top squark and bottom squark observables. In the case of large tan β, the precision of tan β depends to some extent on the precision of the bottom squark pair production cross sections and to a lesser extent also on that of the bottom squark decay branching ratios. We also want to remark that, in the case mt 2 , mb 2 > ∼ 500 GeV the measurements of the cross sections, masses and branching ratios oft 2 andb 2 at an e + e − linear collider with √ s = 2 TeV are necessary for the determination of A t and A b , otherwise this might not be possible. 
Summary
In this paper we have studied the decays of top squarkst i and bottom squarksb i in the MSSM with complex parameters A t , A b , µ and M 1 . We have taken into account the explicit CP violation in the Higgs sector induced byt i andb i loops in the case A t,b and µ are complex. We have presented numerical results for the fermionic and bosonic decay branching ratios oft i andb i (i = 1, 2). We have analyzed their MSSM parameter dependence, in particular the dependence on the CP phases ϕ At , ϕ A b , ϕ µ and ϕ U(1) . We have found that the experimental data of the branching ratio of the decay b → sγ can lead to considerable restrictions on the MSSM parameter space. In the case oft i decays the strong dependence on ϕ At and ϕ µ is due to the phase dependence of the mixing angle θt, of the mixing phase factor e iϕt and of the Higgs couplings G 12 (= C ) and C(t † L H itR ). In the case ofb i decays there can be strong ϕ A b dependence if tan β is large and the decays into Higgs bosons are allowed. If the parameters A t , A b , µ and M 1 are complex and there is mixing between the CP-even and CP-odd Higgs bosons, the decay pattern oft i andb i is even more complicated than that in the case of real parameters. This could have important implications fort i andb i searches at future colliders and the determination of the underlying MSSM parameters.
We have also estimated what accuracy can be expected in the determination of the underlying MSSM parameters by a global fit of the observables (masses, branching ratios and production cross sections) measured at typical linear colliders with polarized beams. We have considered two scenarios with tan β = 6 and tan β = 30. Under favorable conditions the fundamental MSSM parameters except A t,b can be determined with errors of 1 % to 2 %, assuming an integrated luminosity of 1 ab −1 . The parameter A t can be determined within an error of 2 -3 % whereas the error of A b is likely to be of the order of 50 %.
B Chargino Masses and Mixing
The chargino mass matrix in the weak basis is given by [1, 54] 
c β and s β are cos β and sin β, respectively. This complex 2 × 2 matrix is diagonalized by the unitary 2 × 2 matrices U and V :
C Neutralino Masses and Mixing
The neutralino mass matrix in the weak basis (B,W 3 ,H ) is given as [1, 54] : 
